Food processing industries are extremely large consumers of thermal energy as well as bio waste generation and there are huge opportunities to improve its utilization. In this study a medium scale spirit plant situated in China was audited. Based on the data obtained, energy and mass balances were performed in order to find the sources of thermal energy, the potential cost effective reduction, recovery and assess potential uses to lower the fossil fuel consumption and CO 2 emission. Fermented grains are used for the spirit production and even though they are re utilised during the process at the end are disposed as biological waste consisting mainly of wet distillers grains. The feasibility of using the waste as fuel for direct combustion or co-combustion with coal for the steam generation was studied and evaluated.
Introduction
In this study the main objective is to evaluate the use of bio waste generated during the production process as a complement or complete replacement of the Coal for steam generation in an industrial process for white spirits. This will aim to reduce the dependence of fossil fuels which are currently the source for 100 % of the thermal energy utilization in the production, leading to a more sustainable process and reducing the CO 2 emissions to the environment.
In the food and drinks industry sector, energy is often used inefficiently with great opportunity of improvement. However, the demand for energy from this sector will continue to increase due to economic growth. Currently the use of fossil fuels is the main tendency in most industrial processes even though the excessive use of these can lead to environmental issues. In the food industries a considerable amount of waste is generated as co-product, and normally they don't receive further treatment being the most common practice to dispose them as animal feed or for landfill. As the constraints related to environmental issues are becoming more rigorous, it is necessary to develop optimized systems for food waste treatment. Among the several biological and chemical processes, combustion and co-firing seem to be a viable solution as an alternative to landfill, wastes containing combustible material may be incinerated or combusted to produce heat and water vapor that can be utilized [1] [2] [3] [4] [5] .
Energy Audit
Energy audits consist in an inspection, analysis and survey of the energy flows to reduce the amount of energy input into the system. The fundamental goal of energy management is to help the industry to analyse its energy use and find energy saving opportunities and waste reduction in order to produce goods and provide services with the least cost and least environmental effect.
Energy Audit can be considered as a tool for the translation of conservation ideas into realities, by lending technically possible solutions with economic and other organizational considerations within a specified time frame [6] .
Case Study
The study case evaluated in this work is a white spirit plant industry. In the process a mix of rice, corn and sorghum is used as raw material for further processing and fermentation in order to produce the desired product. The production process is not energy intensive, having its main requirement in the heating steps where steam at 6 bar is utilized. The steam generation takes place in site using coal as fuel to feed the three boilers with capacity of 10 Tons per hour, having an average coal consumption of 40 tons/day. The final step of the process is the distillation where the final product is obtained, also in this step the spent grains are disposed and normally given away free of charge. At full capacity the amount of bio waste generated is 86 tons/day. The possibility of using of this bio waste for direct combustion or cofiring can lead to replace the use of part or all of the fossil fuel used at the moment. In order to re utilize the bio waste from the process a pretreatment step of drying is required due to the high moisture content of the grains after the distillation. Heat recovery can take place in this step by providing the drying energy by the exhaust gases of the combustion system. Technology at the University of Ulster since 1986. It is a personal-computer-based package containing all of the program modules necessary to complete rapid and reliable step-by-step technical, environmental and economic evaluations of chemical and allied processes using generic chemical engineering equations and formulae including high-accuracy steam-water thermodynamics package for steam cycle analysis [3] .
Three scenarios were simulated and compared: Current situation using 100% of coal, mixing 50% of the bio waste with Coal for co-firing, use 100% of the bio waste for direct combustion.
The conditions for the simulation were taken from the data obtained from the energy audit and the characteristics of the waste that is currently given away. Figure 2 shows the case where co firing of coal and biomass take place with a previous drying step for the grains. The simulations showed that the combustion of the dried spent grains can generate enough energy to generate the steam for the process, also co firing the bio waste with coal can be a possibility with both cases showing the reductions of CO 2 emissions by 50% (for half bio-waste) and 100% (for 100% bio waste) respectively. Also the heat from the exhaust gas from the boiler can be used to dry the grains, therefore no more energy is needed, leading to a possible reduction of the fossil fuel consumption which will also impact in the economic performance of the production as the amount of fuel to be purchased can be reduced by half or even eliminated. 
Results and discussion

Conclusions
Both cases of direct combustion of the spent grains and co firing showed are suitable to use for the steam generation for the process. The reduction of CO 2 emissions can be achieved, especially using only the bio waste as fuel, this also will lead to a self-sufficient process without the direct dependence on fossil fuels. Further research can be performed in order to evaluate the possibility of electricity generation by a CHP system for example as well as a full techno-economic analysis.
